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IMPROVED CORROSION RESISTANT COATING 

CROSS REFERENCE TO RELATED APP LICATIONS 
[0001] This application is a divisional application of co-pending U.S. patent 
application Serial No. 09/428,140 which claims priority to U.S. provisional 
application Serial No. 60/106,530, entitled "Improved Corrosion Resistant 
Coating," filed on October 31, 1998, which is herein incorporated by reference. 
This application is related to commonly-assigned U.S. patent application Serial 
No. 09/427,777, filed on October 26, 1999, entitled "Corrosion Resistant 
Coating," filed simultaneously herewith; which is herein incorporated by 
reference. 

BACKGROUND OF THE DISCLOSURE 

1. Field of the Invention 

[0002] The invention relates generally to a corrosion resistant coating, and in 
particular, to a coating for use on a component in a corrosive environment of a 
semiconductor wafer processing system. 

2. Description of the Background Art 

[0003] In a semiconductor wafer processing system, the interior of a 
processing chamber is often exposed to a variety of corrosive or reactive 
environments. These reactive environments may result from either corrosive 
stable gases, e.g., chlorine (Cl 2 ), or other reactive species, including radicals or 
by-products generated from process reactions. In plasma process applications 
such as etching or chemical vapor deposition (CVD), reactive species are also 
generated through dissociation of other molecules, which by themselves, may 
or may not be corrosive or reactive. Corrosion resistant measures are needed 
to ensure process performance and durability of the process chamber or 
component parts. Nickel-plated components, for example, are often used in 
process chambers to prevent corrosion from Cl 2 . Fluorine-containing gases 
such as NF 3 or CHF 3 , among others, give rise to atomic fluorine (F) which is 
highly reactive. Corrosion becomes even worse under high temperature 



1 



PATENT 

2929D1/TCG/PMD/LE 

environments, such as those encountered in certain CVD applications. For 
example, ceramic heaters made of aluminum nitride (AIN) are attacked by NF 3 , 
which is often used as a cleaning gas in some wafer processing systems. 
These heaters are typically rather expensive, and it is desirable to have 
protective coatings which can prevent corrosion of the heater surfaces. 
[0004] Therefore, a need exists in the art to provide corrosion resistant 
coatings that can protect process components, such as ceramic heaters, from 
corrosion within wafer processing systems. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a protective coating upon a 
component part for use in a corrosive or reactive environment. The protective 
coating comprises magnesium fluoride that is sufficiently pure to avoid reactions 
between contaminants in the coating and reactive species in the surrounding 
environment. Furthermore, the coating is sufficiently dense to preclude reactive 
species from penetrating the coating and reaching the underlying component 
part. In one embodiment, the magnesium fluoride coating is at least 85% 
dense, e.g., about 85-90% dense, and at least 99% pure. Such a coating, for 
example, protects a ceramic heater surface against chemical attack by fluorine 
radicals in a high temperature corrosive environment. 
[0006] In another preferred embodiment, the component part (e.g., 
aluminum nitride heater) is provided with a surface finish better than about 
10RA, or preferably, between 5-1 0RA. The coating formed upon such a 
component part is more uniform, and thus provides more effective protection 
against corrosion. 

[0007] The quality of the protective coating is also affected by the process 
condition of the deposition. Therefore, another aspect of the invention is a 
method of forming the coating at a temperature and pressure that are 
appropriate for the desired coating density and purity. In general, it is 
preferable that the coating be formed at a relatively high temperature and 
relatively low pressure. A high deposition temperature tends to yield a higher 
density coating, while a low pressure results in a coating with a higher purity. In 
one preferred embodiment, the coating is deposited at a temperature of at least 
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about 250°C, or preferably at least about 300°C, and a chamber pressure of 
lower than about 1x1 0" 5 torr. Further improvement in the coating characteristics 
can be achieved by annealing the coating at a temperature greater than about 
600°C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The teachings of the present invention can readily be understood by 
considering the following detailed description in conjunction with the 
accompanying drawings, in which: 

[0009] FIG. 1a depicts a schematic cross-sectional view of a substrate 
exposed to a corrosive environment; 

[0010] FIG. 1b depicts a schematic cross-sectional view of a coating of the 
present invention formed upon a substrate; 

[0011] FIG. 2a depicts a schematic cross-sectional view of a coating upon a 
substrate having a rough surface finish; 

[0012] FIG. 2b depicts a schematic cross-sectional view of a coating upon a 
substrate having a finer surface finish; and 

[0013] FIG. 3 depicts a schematic diagram of a chamber with a support 
pedestal having a coating of the present invention. 

[0014] To facilitate understanding, identical reference numerals have been 
used, where possible, to designate identical elements that are common to the 
figures. 

DETAILED DESCRIPTION 

[0015] The present invention relates to a fluorine-containing coating that 
protects an underlying substrate (i.e., the object on which the coating is 
deposited) or component part from corrosion or deterioration within a corrosive 
environment. FIGS. 1a-b schematically illustrate the protective effect of a 
coating 150 upon a substrate 100. FIG. 1a depicts a cross-sectional view of a 
substrate 100 exposed to a generally corrosive or reactive environment 110. 
For example, the substrate 100 may be subjected to attack by species in the 
surrounding environment 110, resulting in pits 102 or other defects 104 on the 
surface 100S of the substrate 100. Depending on the reactive environment 
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110, deterioration of the substrate 100 may be caused by chemical or physical 
attacks, and may not necessarily result in readily visible defects such as those 
illustrated in FIG. 1a. For example, chemical or physical characteristics of the 
substrate 100 may be altered by chemical reactions between species such as 
fluorine F, or other reactive species (denoted generally as X) in the environment 
110 and the substrate 100, or by physical bombardment of energetic species 
(e.g., + and - ions). FIG. 1b illustrates a cross-sectional view of the substrate 
100 being exposed to the corrosive environment 110 after a coating 150 has 
been formed upon the substrate 1 00. The coating 1 50 of the present invention 
is resistant to attack by the reactive or corrosive environment 110, and 
n deterioration of the underlying substrate 100 can be reduced or avoided. 

5 [0016] In one embodiment of the invention, the coating 1 50 comprises 

C magnesium fluoride, which is used to coat interior surfaces of chemical vapor 

2 deposition (CVD) chambers and/or component parts used in such chambers. 

ri For example, the inventive coating 1 50 is advantageously applied to aluminum 

Q or aluminum nitride parts such as the heaters conventionally employed within 

S! CVD chambers. Aluminum and aluminum nitride typically corrode and 

•* deteriorate with time when they are repeatedly exposed to high temperature 

fjf CVD process environments. The coating 150 prevents corrosion of the heater 

surface under a corrosive environment, e.g., in the presence of a plasma 
containing fluorine (F), at temperatures above 550°C. 

[0017] To be an effective protective coating in a corrosive environment 1 1 0, 
the magnesium fluoride coating 150 should be sufficiently pure so as to 
substantially eliminate reactions between contaminants in the coating 150 and 
various species in the surrounding environment 110. The type of contaminants 
varies with the specific process used in forming the coating 150. For example, 
the magnesium fluoride coating 150 may be formed by high temperature 
evaporation of magnesium fluoride crystals contained in a crucible, or by 
sputtering a magnesium fluoride target using an inert gas, e.g., argon (Ar), 
nitrogen (N 2 ), and the like. Contaminants in the coating 150 may include 
impurities from the sputtering target, impurities from the crucible, e.g., alumina 
(Al 2 0 3 ), or impurities such as water vapor in the process chamber, among 
others. It is desirable that the purity of the magnesium fluoride coating, e.g., 
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(sum of weights of magnesium and f!uorine)/(sum of weights of magnesium and 
fluorine + sum of weights of all impurities), is at least 99% and, more preferably, 
as close to 1 00% as possible. 

[0018] Furthermore, the coating 150 should be sufficiently dense to 
substantially prevent species in the corrosive environment 110 from penetrating 
through porous regions of the coating 150, and attacking the underlying 
substrate 100. The density of the magnesium fluoride coating can be defined 
as: volume of magnesium fluoride in the coating/total volume of (voids plus 
magnesium fluoride plus other impurities) in the coating. A higher density tends 
to reduce the probability of exposing the underlying part (e.g., A1N) to attack by 
corrosive gases. Thus, while a coating density of about 70-80% is sufficient to 
protect the underlying substrate 100, the density of the magnesium fluoride 
coating 150 is desirably at least 85%, or more preferably, at least about 95%, or 
close to about 100%. Furthermore, to avoid cracking of the coating 150, a 
thinner coating is generally preferred, while a more conformal coating 150 
provides improved protection of the underlying substrate. To achieve these 
characteristics, the magnesium fluoride coating 150 is preferably deposited by 
CVD or by physical vapor deposition (PVD). The coating 150 has, for example, 
a thickness of less than about 2 urn, or preferably, about 1 urn or less. Such a 
magnesium fluoride coating 150, for example, has been found to resist 
corrosion in environments containing dissociated NF 3 (e.g., environments 
containing fluorine radicals) and having temperatures above 550°C. 
[0019] FIG. 3 illustrates one embodiment of the present invention, in which 
the magnesium fluoride coating 150 is formed upon a support pedestal 310. In 
particular, the support pedestal 310 is a ceramic heater made of aluminum 
nitride (AIN). An AIN heater 310, for example, is often used in a wafer 
processing system 350, such as a CVD chamber, for heating a wafer (not 
shown) to a high processing temperature. Any exposed surface of the AIN 
heater 310 is susceptible to attack upon exposure to a corrosive environment 
1 10 - e.g., components in the process gases, or a plasma containing a chamber 
cleaning gas such as NF 3 . In a CVD chamber configured for oxide (e.g., Si0 2 ) 
deposition, oxide is deposited both on the surface of a wafer, as well as upon 
the interior surfaces 352 of the chamber 350 and other component parts, e.g., 
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heater 310, inside the chamber 350. To maintain efficient process and 
chamber operation, the oxide deposits must be removed from the interior 
chamber surfaces 352 and component parts. This is typically achieved via a 
cleaning step that employs a fluorine-containing gas such as NF 3 to etch away 
the oxide deposits. The magnesium fluoride coating 150 of the present 
invention is resistant to attack (either chemically or physically) by many reactive 
species within a CVD process environment, and is therefore effective as a 
protective coating for use with ceramic heaters in general. For example, a 
magnesium fluoride coating 150 has been successfully used to avoid 
deterioration of an aluminum nitride heater 310 in the presence of a plasma 
containing fluorine (F), at temperatures above 550°C. 

[0020] Another aspect of the invention includes a method of making parts for 
use within a corrosive environment. The method comprises coating each part, 
or substrate, with a substantially dense (e.g., greater than about 85%) and 
substantially pure magnesium fluoride coating, preferably deposited by CVD or 
PVD. 

[0021] In general, a coating having a relatively high density is less 
vulnerable to attack by corrosive or reactive species. As such, a relatively high 
deposition temperature is preferred because it results in a denser coating, along 
with improved conformality and adhesion characteristics. To achieve a 
magnesium fluoride coating 150 having close to 100% density, the coating 150 
is deposited at a temperature of at least about 300°C. However, for coating 
densities in the 85-90% range, the temperature may be somewhat lower, e.g., 
at least 250°C, or ab.out 275°C. 

[0022] The magnesium fluoride coating 150 may be formed by different 
processes, including for example, high temperature evaporation and sputtering 
(e.g., PVD). However, the specific coating process is not critical to the practice 
of the present invention, as long as the process result in a sufficiently dense 
and pure coating 150. For example, electron beam vaporization has been used 
in forming a magnesium fluoride coating over an AIN heater. In other 
applications, however, conformal deposition - e.g., using CVD, may be 
desirable in order to ensure complete coverage, or protection, for substrates 
with topography. 
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[0023] When a magnesium fluoride coating is deposited using electron beam 
vaporization, it is typically performed at a temperature of about 250°C and a 
pressure of about 1x10" 5 torr. The resulting coating has a columnar structure, 
and is about 70-80% dense. As such, corrosive gases are able to penetrate the 
relatively porous coating and attack the underlying substrate. By contrast, in 
one embodiment of the present invention, a magnesium fluoride coating 150 is 
formed, using electron beam vaporization, at a temperature greater than about 
300°C. The resulting coating 150 has a higher density, e.g., close to 100%, and 
is less porous than coatings deposited at lower temperatures. As such, the 
improved coating provides better protection for the underlying substrate in 
corrosive environments. Alternatively, the columnar structure of the resulting 
coating may also be avoided by using other deposition techniques such as 
sputtering. In the case of PVD, since the species sputtered from the target are 
relatively energetic, a sufficiently dense film can be formed at a lower 
temperature compared to other techniques such as evaporation or CVD. 
Nonetheless, a PVD coating can still benefit from a higher temperature process, 
which leads to a more conformal and robust film resulting, for example, from 
improved bonding among the deposited species. 

[0024] In another embodiment, a magnesium fluoride coating 1 50 deposited 
at a lower density (e.g., at a lower temperature) can also be densified by 
thermal annealing at a temperature greater than about 600°C. For example, 
densification can be achieved by thermal annealing at about 600°C for 10 hrs. 
at a pressure of about 700 torr in an inert nitrogen (N 2 ) atmosphere. Other inert 
gases, such as argon (Ar), among others, may also be used. Aside from 
densification, thermal annealing of the coating also improves the conformality of 
the coating. 

[0025] To achieve the desired purity, e.g., about 99%, the coating 150 is 
deposited at the temperatures described above and at a chamber pressure of at 
least 1x1 0" 5 torr - i.e., preferably a reduced pressure environment of lower than 
1x10" 5 torr. A chamber pressure of 1x10" 6 torr provides an environment 
containing fewer contaminants than at 10" 5 torr, and therefore results in a 
coating having a higher purity. However, this improvement in coating purity with 
decreasing pressure becomes less significant at higher deposition temperatures 
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because the denser coating obtained at a higher deposition temperature has 
fewer porous regions where contaminants (e.g., moisture) may lodge. 
Therefore, at sufficiently high deposition temperatures, lowering the chamber 
pressure may not produce a corresponding increase in coating purity. 
Accordingly, a process for depositing the magnesium fluoride coating 150 will 
preferably balance temperature and pressure to achieve the desired purity and 
density. It will be understood, that in order to resist corrosion when the part 
(e.g., comprising the coating 150 and substrate 100) is exposed to the corrosive 
environment 110, the coating 150 should cover all surfaces 100S of the 
substrate 100, that can potentially be exposed to the corrosive environment 
110. 

[0026] Aside from the deposition process conditions (e.g., substrate 
temperature, chamber pressure, among others), the characteristics of the 
coating 150 is also affected by the surface finish of the substrate 100. For 
example, if the surface 100S of the substrate 100 is too rough, then the 
resulting coating thickness is non-uniform. As such, the underlying substrate 
100 becomes vulnerable to attack when exposed to a corrosive environment 
110. A ceramic heater typically has a surface finish with a roughness measure 
of greater than RA20. (For the surface roughness scale, RA20 means that 
surface "bumps" are about 20 microinches from the average surface.) FIG. 2a 
illustrates a magnesium fluoride coating 150 upon a substrate 200 such as a 
heater, with a rough surface 200S. The magnesium fluoride coating 150 is 
relatively non-uniform, resulting in exposed portions 202 of the heater 200. 
Alternatively, portions 152 of the coating 150 may also be too thin to be 
effective in protecting underlying portions 204 of the heater 200 against 
penetration by reactive or energetic species in the corrosive environment 110. 
As such, regions 202, 204 of the heater 200 are vulnerable to the corrosive 
environment 110, resulting in the formation of pits 206 or other defects 208. 
However, if the underlying heater 200 has a finer surface finish, then both the 
quality of the coating-substrate interface and the coating uniformity can be 
improved. As shown in FIG. 2b, the coating 150 formed upon a heater 200 with 
a smoother surface finish provides effective protection against the reactive 
environment 110. 
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[0027] Therefore, a substrate (e.g., AIN heater) having a small grain size of 
less than about 30 Mm is desirable, and in one preferred embodiment, a grain 
size of about 1-3 urn is used. The surface finish can further be improved, for 
example, by appropriate polishing techniques. Illustratively, an optimal surface 
finish of the substrate surface 200 is less than about RA10, and preferably even 
lower, e.g., about RA5. In general, it is desirable to have as fine a surface finish 
as possible. However, the expense also increases with iterative polishing. 
Therefore, in practice, a surface finish of about RA10, or slightly higher, is 
recommended. The improvement in the coating-substrate interface leads to 
better adhesion between the coating 150 and the substrate 200, and a coating 
uniformity of about 50% is typically obtained. 

[0028] The specific embodiments disclosed for use with CVD chambers 
under high temperature conditions are meant to be illustrative only. The 
present invention is generally applicable to other corrosive environments, such 
as those commonly encountered in etching, plasma or reactive processes. 
[0029] Although various embodiments which incorporate the teachings of the 
present invention have been shown and described in detail herein, those skilled 
in the art can readily devise many other varied embodiments that still 
incorporate these teachings. 



